


A Study on Engineering Properties on Apple Ber


ABSTRACT
The study was conducted from August 2023 to September 2024 at the Department of Agricultural Engineering, College of Horticulture, Munirabad, Karnataka, India, with the objective of determining the engineering properties of apple ber (Ziziphus mauritiana). These properties are essential for the design and development of efficient material handling and food processing equipment. Fresh apple ber fruits were analyzed to evaluate their physical and mechanical characteristics, which serve as a crucial database for post-harvest operations such as grading, conveying, drying, and storage. The moisture content of the fruits ranged between 82–85% on a wet basis. The mean dimensions were recorded as 53 mm in length, 43 mm in width, and 22 mm in thickness, with a geometric mean diameter of 43.72 mm and sphericity of 0.67%. The average pulp-to-stone ratio was 8.00, indicating a high edible portion suitable for processing. The bulk density and true density were observed as 0.932 g/ cm3 and 1.04 g/cm3, respectively, while the calculated porosity was about 12%. The angle of repose of the fruits ranged from 27° to 32°, reflecting their flow behavior during handling and storage. These engineering parameters provide valuable insights into the design of processing and handling equipment for apple ber, ensuring minimal mechanical damage and efficient material flow. The findings serve as a baseline for further research for optimizing equipment design, improved processing efficiency and equipment standardization in ber processing and post-harvest technology development.
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1. INTRODUCTION
Ber (Ziziphus mauritiana Lamk.), commonly known as Indian jujube, belongs to the genus Ziziphus of the family Rhamnaceae and order Rhamnales. It is widely distributed across tropical and subtropical regions of the northern hemisphere. The family Rhamnaceae includes over 50 genera and more than 600 species (O’Brien et al., 2023), among which Z. mauritiana and Z. spina-christi are the most economically important due to their wide cultivation and diverse uses (El Maaiden et al., 2020; Al-Saif et al., 2021). In India, Z. mauritiana thrives in semi-arid and arid zones, particularly in the northwest and southern regions (Sebastian and Bhandari, 1990; O’Brien et al., 2023). Earlier wild varieties were small with distinct flavour, but breeding advancements have produced improved hybrids with desirable traits like higher pulp-to-seed ratio, larger fruit size, and uniformity (Abdel-Sattar et al., 2021). Among these, the “apple ber” has gained commercial importance for its high yield, low input needs, and adaptability to dry climates (Kumar et al., 2023). In India, two main types are cultivated the red “Kashmiri apple ber” and the “green apple ber,” the latter being preferred for its attractive colour and superior taste (Abdel-Sattar et al., 2024; Al-Saif et al., 2021).
Nutritionally, ber is rich in essential amino acids such as asparagine, arginine, glycine, glutamic acid, and serine, and contains higher vitamin C and phosphorus levels than apples or oranges. Ziziphus mauritiana has long been used in traditional medicine, and modern studies have identified bioactive compounds like flavonoids, terpenoids, alkaloids (e.g., berberine), sterols, and phenolics responsible for its antioxidant, antimicrobial, anti-inflammatory, hepatoprotective, and antidiarrheal properties (Prakash et al., 2021; Alsayari et al., 2021). Extracts from its leaves and roots show strong inhibitory effects against E. coli, S. aureus, and S. pyogenes, while fruit extracts demonstrate notable anti-inflammatory potential. Agronomically, ber thrives in marginal soils with low water, making it a valuable crop for small farmers. Its adaptability and nutritional richness have earned it the title “poor man’s apple,” offering both health and economic benefits at minimal production cost (Kumar et al., 2023).
Understanding the engineering properties of Ziziphus mauritiana is essential for designing efficient post-harvest and processing systems. Operations such as conveying, drying, juicing, and packaging depend on physical, thermal, and mechanical properties like size, shape, density, porosity, moisture content, and mechanical strength (Sharif, 2022). These parameters influence equipment design for sorting, grading, storage, and juice extraction. Since ber’s thin skin and high moisture make it prone to bruising, such knowledge helps reduce post-harvest losses. Studying its thermal and rheological behavior supports the development of effective dryers, heat exchangers, and packaging systems that maintain quality. A comprehensive database of engineering characteristics enables process optimization, automation, and standardized equipment design, especially for small and medium-scale enterprises. Thus, analyzing these properties is vital for sustainable utilization, technological innovation, and efficient post-harvest management (Patel et al., 2022; Kumar et al., 2023).
MATERIALS AND METHODS
The study was conducted during August 2023 - September 2024 at the Department. of Agricultural Engineering, College of Horticulture, Munirabad, Karnataka, India.
2.1 Physical Parameter of Apple ber:
2.1.1 Fruit selection
Green ber apples were collected from local farmers in Karnataka and were chosen for analysis of engineering properties. The samples were stored under ambient temperature (26 0C) and relative humidity (66 %) before anlysis. Then, the samples were completely washed to remove foreign bodies and dried before the analysis was carried out. 

2.1.2 Weight of the fruit 
The same samples were weighed using an electronic weighing balance, and the mean value was recorded for analysis.
2.1.3 Size and shape
Randomly, twenty samples were chosen and linear measurements such as length, diameter and thickness were measured with the help of a digital Vernier calliper. From the average of axial dimensions, the geometric mean diameter Dg in mm was determined by using the following formula (Joshi et al., 1993):
                                                    

Where:
             a = length was the dimension along the longest axis in mm; 
             b = width was dimension along the longest axis perpendicular to a in mm; 
             c = thickness, was the dimension along the longest axis perpendicular to both a and b in mm.

The sphericity was determined using (Mohsenin, 1970):


2.1.4 Pulp-Stone Ratio (Rps) 
In order to calculate the pulp-to-stone ratio of fruit samples weight was measured in different ways based on the requirements for the calculations. Whole fruit weight, weight of flesh and weight of stone were measured, and the Pulp-Stone Ratio was calculated using the following formula. 

  Where,
               Wf = Weight of fruit (gm).
 
             Ws = Weight of stone (gm). 

Pulp-stone ratio forms the basis for any processing industry to finalise the quantity of fruit required to get the targeted volume of fruit juice or the weight of flesh for processing.
2.1.5 Moisture Content (MC)

Moisture content was considered the fundamental parameter influencing all the properties studied. The fruit skins were manually removed, and the samples were sliced to a uniform thickness of approximately 1 mm. The slices were then placed on perforated metal trays and dried in a hot-air oven at 55 °C until a constant weight was achieved. The observations were recorded, and the moisture content (%) was calculated using the following equation (Shoba et al., 2017):



Where,
                  -Moisture content, per cent wet basis
                    - Initial weight of the sample, g
                    - Final weight of the sample, g 

2.2 Bulk Density 
It indicated the weight of the sample (unit volume) -1, and variation of densities tends to cause the undesirable stratification as bags or bins were filled. The porous nature of some agricultural materials presented a number of problems in volume and density measurement. It was determined by filling fruits of known volume of a steel container and it was weighed. The ratio between the mass and volume (10 X 10 X 10 cm3) was calculated as the bulk density. The average value of bulk density was reported by repeating the experiments three times.

2.3 True density 
The true density of ber was calculated using the liquid displacement method, whereby the mass of fruits was measured and the fruits were then poured into the measuring cylinder containing toluene. The volume of toluene displaced was noted and the true density was calculated. 
2.4 Porosity 
The porosity of ber fruit was computed from the value of bulk density and true density using a relationship. 

Where, = true density in g cm-3
                  = Bulk density in g cm-3 
2.5 Specific Gravity of Fruits
Another important parameter to be calculated was the specific gravity of the fruit. The weight of the fruit was measured in two states. First, being the usual method of weighing and second, by keeping the fruit submerged under water. Fruit was pushed into water with the aid of a wire loop, which assured proper replacement of water from the container. Specific gravity was measured using the following formula. 


2.6 Angle of Repose

It was calculated by placing the samples at the center of the horizontal platform. The platform was inclined by rotating the handle at a minimum speed until the samples began to roll. At this point, the angle of inclination of the platform was recorded. For the next sample, the platform was placed into the initial horizontal position. The experiment was repeated three times.


2.7 Coefficient of friction

The coefficients of static friction were obtained with respect to four different surfaces, namely, galvanized iron, plywood, glass surfaces and acrylic surface, by using an inclined plane apparatus as described by Rastogi et al. (2015).

                                       μ = tan θ             -8

Where, μ = Coefficient of friction,
             θ = Inclined angle (°)
3 RESULT AND DISCUSSION
3.1 Weight of the fruit  
Twenty fruit samples were selected and weighed on a analytical weighing balance with a least count of 0.01g the maximum weight of fruit was recorded to be 90 g, whereas, minimum weight was recorded to be 55 g and the average weight was 68g, with their standard deviation and coefficient of variation being 12.73 and 18.77 (Table. 1)
 3.2 Size and shape 
The size of ber fruit was measured from its length, width and its thickness. The range of length, width and thickness was found to be 60 to 45 mm, 47-37mm and 30-16 mm, respectively and mean value were found to be 53 mm, 43mm and 22mm, respectively. Shape describes the object in terms of a geometrical body and it was also important in calculation of heat and mass transfer designing of grading screening equipment it was also expressed in terms of its sphericity, the range of sphericity value of ber fruits found to be 0.69-0.65 (%) whereas average value was found to be 0.67 % according to Mohsenin, (1986) the shape of the ber fruit was prolate spheroid in which the polar axis was greater than the equatorial diameter. The fruit dimensions such as size and shape influence the designer while designing and calibration of sorting and grading machines.
3.3 Pulp-stone ratio
Twenty samples were taken for this evaluation during the calculation, the range of pulp to stone ratio in apple ber fruit was observed to be 9 to 7.5 mm and the mean value observed to be 8 mm, whereas standard deviation, standard error mean and coefficient of variation were 1.60, 0.71 and 22.49, respectively. (Table. 1)
3.4 Moisture content 
 	The moisture content of apple ber fruit was observed to be in the range of 82 to 85 % on wet basis. The physical property was very much important in storage studies, material handling concentration, evaporation, drying, freezing, designing of separation equipment and harvesting equipment etc.,
3.5 Bulk density (ρb), true density (ρt) and porosity (ε)
Bulk density, true density (ρt), and porosity (ε) are closely interrelated physical properties that collectively describe the structural compactness and internal void structure of a material. The whole apple ber fruit Bulk density and true density was measured and found to be 0.931- 0.938  g cm-3 and  1.02 - 1.09 g cm-3  with average values of 0.932 and 1.04 g cm-3, respectively. The maximum porosity value was observed to be 14.5 % and the minimum value was observed to be 10.25 % with an average value of 12.00 %.
True density, bulk density, and porosity are essential physical properties that significantly influence the design and performance of food processing equipment. True density indicates the compactness of the material and is vital for designing gravity separators, fluidized bed dryers, and pneumatic conveyors where particle settling and fluid interaction are critical. Bulk density, which accounts for both solid and void spaces, determines storage capacity, hopper and bin dimensions, and the power requirements of conveyors and packaging systems. Porosity, the fraction of air space within the material, affects air and heat transfer during drying, cooling, and aeration, thereby influencing process efficiency and product quality. Together, these properties help engineers predict flowability, optimize drying and mixing operations, and design efficient handling, storage, and transport equipment suited to the specific behavior of the material being processed.
3.6 Angle of repose 
The angle of repose of apple ber fruit was observed to be in the range of 27o to 32o with a mean value of 32o whereas standard deviation and coefficient of variation value were 1.92 and 6.25.The angle of repose is the maximum angle at which a pile of granular material remains stable without sliding. It indicates the material’s flowability a higher angle means poor flow, while a lower angle shows better flow. This property is crucial in designing hoppers, silos, and conveyors for efficient material handling.
3.7 Coefficient of friction 
The mean coefficient of friction value on four different rolling surfaces like, acrylic surface, glass, galvanized iron and wood was measured and observed to be 0.42, 0.46, 0.56 and 0.63 (Table.2) among the four surfaces the maximum coefficient of static friction was observed on plywood whereas minimum static friction was observed on acrylic surface followed by glass and galvanized iron (figure 1.). Which was mainly due to frictional properties between fruit and rolling surfaces (Gupta et.al., 2015) Similar results were reported by Patil et al. (2012) on mucuna bean and Shirkole et al. (2011) on soybean. These observations might be helpful in the design of graders, sorters, and transportation and separation equipment.

The coefficient of friction is a measure of the resistance to motion between two surfaces in contact. It determines how easily a material slides over another surface — a higher value means more resistance, while a lower value indicates smoother movement. This property is important in designing equipment like chutes, conveyors, and hoppers to ensure smooth material flow and prevent blockages.

	Table 1: Engineering properties of apple ber fruit

	Sl no
	Parameters
	Mean Value
	Range
	SD
	SE±m
	CV
P= 0.05%

	1
	Moisture content (%)
	82
	82 - 85
	1.30
	0.58
	1.61

	2
	Length (mm)
	53
	45 - 60  
	5.50
	2.24
	10.31

	3
	Width (mm)
	43
	37 - 47 
	3.97
	1.62
	9.27

	4
	Thickness (mm)
	22
	16 - 30  
	5.94
	2.42
	27.23

	5
	Weight (gm)
	68
	55 - 90 
	5.19
	12.73
	18.77

	6
	Geometric mean (mm)
	43.72
	41.79 – 83.71
	1.01
	0.58
	0.02

	7
	Sphericity (%)
	0.67
	0.65 - 0.69 
	0.02
	0.01
	3.58

	8
	Pulp to stone ratio
	8.00
	7.5 - 9
	1.60
	0.71
	22.49

	9
	Bulck Density (g cm-3)
	0.932
	0.931 - 0.938  
	0.02
	0.01
	2.66

	10
	True density (g cm-3)
	1.04
	1.02 - 1.09  
	0.01
	0.00
	0.81

	11
	Porosity (%)
	12.00
	10.25 - 14.5 
	1.58
	0.71
	11.29

	12
	Specific Gravity 
	0.96
	0.92 - 0.98  
	0.02
	0.11
	2.52

	13
	Angle of repose (o)
	32
	29 - 32 
	1.92
	0.86
	6.25



	Table.2: Coefficient of friction on different rolling surfaces.

	Rolling Surface material

	Parameter
	Acrylic surface
	Glass
	Galvanized iron
	Plywood

	Average
	0.42
	0.46
	0.56
	0.63

	Range
	0.45-0.40
	0.48-4.00
	0.59-0.53
	0.67-0.61

	SD 
	0.019
	0.34
	0.023
	0.024

	CV
P= 0.05%
	4.494*
	7.702*
	4.015**
	3.78*




                   Figure-1: The coefficient of friction value on different rolling surfaces.
4. CONCLUSION
In conclusion, the study of the physical and mechanical characteristics of fresh apple berries provides essential data for designing and optimising post-harvest equipment and processes. With a moisture content of 82–85% (wet basis), mean dimensions of 53 × 43 × 22 mm, a geometric mean diameter of 43.72 mm, and sphericity of 0.67%, the fruits exhibit uniformity favourable for grading and processing. The high pulp-to-stone ratio of 8.00 highlights their suitability for value-added applications. Bulk and true densities of 0.932 g/cm³ and 1.04 g/cm³, respectively, along with a porosity of 12% and an angle of repose between 27° and 32°, indicate good flow characteristics essential for efficient handling, conveying, and storage. Overall, these engineering properties form a valuable database for the design and standardisation of ber processing equipment, contributing to enhanced post-harvest efficiency, reduced mechanical damage, and improved technological advancement in ber fruit processing.
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